The connection between eating and healing is common in traditional folk medical systems, and the multiple possibilities resulting from the combination of biodiversity and culture confer a wealth and complexity in terms of knowledge of the flora and fauna as to their potential as food medicine. The growing awareness of the links between traditional therapeutic-alimentary uses of wildlife and conservation has drawn attention to the gaps in knowledge on the social, economic, and biological contexts in which different forms of traditional wildlife uses take place, particularly with regard to zootherapeutic resources. In this study we interviewed 124 merchants and 203 traditional users of animal-derived remedies in Brazil, aiming at documenting the animal species used as foods and medicines in urban and rural areas of the country. At least 354 wild animal species are used in Brazilian traditional medicine, of which 157 are also used as food. The high degree of overlap between medicinal and alimentary uses of wild animals highlights the importance of understanding the socioeconomic, cultural, and ecological contexts in which those traditional uses take place for elucidating their potential impact on public health and biodiversity conservation.
Introduction
Nature-based traditional food and medicine are generally viewed as interchangeable, diet being highly regarded as the primary basis for sustaining and/or restoring health and wellbeing. Consequently, foods are considered and often times chosen for their distinctive medicinal or healing values [1] [2] [3] [4] . For many traditional societies, now and in the past, food isat least partially-medicine, and medicine is food [5] . Medicinal cuisines and consumption of health edibles have held a central position in traditional folk medical systems [6] [7] [8] [9] [10] .
Much of the plant material that is consumed by animals in the wild contains an array of secondary compounds. Johns [6] argues that the herbal medicines and modern pharmaceuticals used by humans today have replaced the nonnutritive chemicals commonly present in our primate ancestors' diets, the connection between eating and healing likely being as old as the use of biodiversity by humans [6] . For ancient Assyrians, Greeks, and Chinese, cultivated grains, roots, fruits, and spices were frequently employed in the curing arts, while, in pharaonic Egypt, plants such as lettuce, sesame, onions, leeks, cucumbers, plums, watermelon, and many other edibles were included in the healer's arsenal [11] . Historical sources of ancient Egypt also mention the medicinal uses of animal-derived substances, such as cattle milk, bee honey, lizard blood, ox organs, swallow's liver, bat limbs, ambergris from the sperm whale, and the glands of the musk deer [12] [13] [14] [15] .
At the dawn of recorded history it is known that man often ate or wore on his person some portion of an animal that was thought to have a healing or protecting influence [16] , and this aspect highlights that the origin of the medicinal use of faunal elements is intertwined with their use as food. In this same direction, Chemas [17] remarked that the treatment 2 Evidence-Based Complementary and Alternative Medicine of illnesses using animal-based remedies is an extremely old practice, whose most remote ancestor is a carnivore diet, closely followed by the ritual ingestion of deceased persons (e.g., close relatives, warriors) as a means to absorb their virtues (e.g., courage, virility) and subsequently by a true medicinal use indissociable from magic-religious elements.
Since ancient times, the thinking of "food as medicine" has existed in Chinese medical theories and Chinese food therapy [18, 19] . Books on Chinese cooking often emphasize the medicinal value of foods and the importance of "nutritional therapies" dating from earliest times, and many of the vegetable and animal products decocted in Chinese medicines are used routinely in cooking. During the 1980s, talk at banquets frequently revolved around the healthful properties of foods being consumed, and nutritional and food preparation advice was commonly tendered in clinics along with herbal prescriptions [20] .
Research in several regions of the world has illustrated that many wild plants retained in local food cultures are inseparable from traditional therapeutic systems [7, 9, 21, 22] . For example, in a rural Hausa community in northern Nigeria, of the 119 plants identified as food, all but five are included among the total 374 medicinals. This, however, does not mean that Hausa intermixes the domains of food and medicine [7] . Examples of a number of food animals also used as remedies can be found in the literature [23] [24] [25] [26] [27] [28] . Yet our knowledge about the practice of food medicine is limited, particularly with regard to the traditional consumption of animal food medicines [29] .
Although often regarded as supplementary to local peoples' diet, wild food and medicine are essential in times of crisis and play an important nutritional role. Hence, the neglect of traditional food and medicines may seriously deteriorate the health and well-being of traditional peoples [30, 31] . Further, nature-based traditional food and medicine are generally viewed as interchangeable, diet being highly regarded as the primary basis for sustaining and/or restoring health and well-being. Consequently, foods are considered and often times chosen for their distinctive medicinal or healing values.
Animal medicinal foods have been broadly used since ancient times and have played a significant role in healing practices in Brazil [3, 32] , where elements of indigenous, European, and African cultures met and produced a singular repertoire of species that are used as food and often also as medicine.
Brazil provides an interesting setting for several reasons: (a) the country possesses between 15 and 20% of all the world's biological diversity, as well as a significant cultural diversity, represented by more than 200 indigenous groups and by a large number of local communities which detain a considerable knowledge of the flora and fauna and of traditional systems of renewable natural resources management [25] ; (b) the multiple possibilities resulting from this combination of biodiversity and culture confer a wealth and complexity in terms of knowledge of the Brazilian flora and fauna as to its therapeutic potential; (c) in addition, Brazil is vast, with parts of the territory of difficult access; this precludes some local populations from accessing services provided by the government's health care network. In many cases this geographical isolation contributes to strengthen traditional and local medical practices and, also, to prompt selection of natural resources for the treatment of new diseases [25, 33] . Interest in animal-derived remedies, however, extends beyond people lacking access to medical services in Brazil. As shown by Alves and Rosa [26, 27] , even in cities where such services are more accessible, many people still resort to traditional healers, showing the cultural acceptability of such practices.
In this study we explored the medicinal and alimentary uses of wildlife in Brazil, aiming to (1) document the animal species used and the illnesses to which they were prescribed and (2) to discuss resource use in a conservationist context. [1, 25, 26] .
Methods
In cities, the sampling method was nonrandom, and the interviewees were predefined [34] . Despite attempts to interview all animal merchants in the markets visited, some interviews were cancelled. Others proved to be fruitless, because interviewees were reluctant to answer questions. At the surveyed fishing communities, we identified local people with a specialized knowledge of medicinal animal use. Additional interviewees were chosen by using the snowball technique [35] , based on information initially provided by the specialists.
To respect intellectual property rights, we adopted the following protocol in the field: before the survey, we introduced ourselves, explained the nature and objectives of our research, and asked the respondents for permission to record the information. The ethical approval for the study was obtained from the Ethics Committee of Paraiba University State.
The information obtained through semistructured interviews was complemented by free interviews [36] , and, Evidence-Based Complementary and Alternative Medicine 3 for each animal cited, respondents were requested to furnish vernacular name, folk use, parts used, preparation and administration of remedy, and which animal species are also used as food. Zoological material was identified with the aid of specialists, through (1) examination of voucher specimens (donated by the interviewees) (2) photographs of the animals or their parts, taken during interviews; and (3) vernacular names, with the aid of taxonomists familiar with the study areas' fauna. Only wild animals and taxa that could be identified to species level were included in the database.
Records of animal-based folk remedies were gathered from scientific articles, books, and book chapters, theses, and dissertations, as well as from reports available in international online databases such as Science Direct (http://www.sciencedirect.com/), Scirus (http://www.scirus .com/), Google Scholar, Scopus (http://www.scopus.com/), Web of Science (http://www.isiknowledge.com/), and Biological Abstracts (http://science.thomsonreuters.com/) using the following search terms: medicinal animals + use + Brazil, zootherapy + commercialization + Brazil, hunting + medicinal animals + Brazil, and, and zootherapy + Brazil.
Whenever applicable, scientific names provided in publications were updated using ITIS Catalogue of Life: 2012 Annual Checklist (http://www.catalogueoflife.org/).
Information on the conservation status of animal species was obtained from the International Union for Conservation of Nature's Red List (http://www.iucnredlist.org/), the Convention on the International Trade in Endangered Species of Wild Fauna and Flora (http://www.cites.org/eng/ resources/species.html), Brazil's Official List of Endangered Species [37] and National List of Species of Aquatic Invertebrates and Fishes Endangered, Overexploited, or Threatened of Exploitation [38] .
Results and Discussion
Animals used as medicine food recorded in our study were distributed in six zoological groups. As shown in Figure 1 , the taxon with the largest number of species was fishes (77 species; 49.0%), followed by mammals (35; 22.3%) and reptiles (20; 12.7%). These results are in line with previous studies carried out elsewhere (eg., 28, 40, and [41] [42] [43] [44] [45] [46] , further highlighting the widespread use of wild-caught vertebrates in the diets and medical systems of different societies.
Generally, species are harvested through fishing or hunting, mainly for alimentary purposes. In this sense, their utilization as remedies potentializes resource use. Meat, the principal product consumed as food, in some cases was also consumed due to a perceived medicinal value. This distinction, however, was not always clear-cut, as the same animal can be one, the other, or both categories at the same time, depending on the parts used, the method of preparation, and the state of health or pathology of the individual being treated. This result is in line with Huffman [39] , who remarked that in traditional human societies, the difference between food and medicine may not always be clear. In fact, according to O'Hara-May [40] , the beginnings of the medicinal uses of animals in human history are clear: animals and their products were part of the primary resources that ancient peoples could use as food or for treating their illnesses.
Most of the time, the hunted or fished animal whose meat is consumed as food also provides byproducts that are used for medicinal purposes, such as skin or fats. In fact, the utilization of remainings or by-products seems to be widespread and one of the most striking characteristics of the Brazilian folk medicine, in terms of medicinal animals [41] . In this sense, it is remarkable that in general the animal-based medicinal products constitute by-products from animals hunted for other purposes. Such multiple uses (including medicinal) of fauna and their impact on animal populations must be properly assessed and taken into consideration when implementing recovery plans for these target species, especially those that are highly exploited [3, 27, 42] .
The high number of fish species recorded as medicinal foods in this study was expected, given their high consumption as food, mainly in coastal areas. As pointed by Burger and Gochfeld [43] , in many parts of the world more than half of the people live in coastal communities where fish is prominent in their diets. Although people who live near the sea eat more seafood than those who live in the hinterland, seafood, both fresh and frozen, has become increasingly available and is gaining in popularity throughout the world. In addition to being an important and available source of protein, the popularity of fish as food is also due to the fact that they are considered healthy. Fishes are considered an excellent and low-fat source of protein, provide many health benefits, such as omega-3 fatty acids that reduce cholesterol levels and the incidence of stroke, heart disease, and preterm delivery, and enhance cognitive development [44] [45] [46] [47] [48] [49] [50] [51] [52] .
Among terrestrial vertebrates, mammals are the most hunted taxon for alimentary purposes. The frequent use of those animals as medicinal foods was expected, given their comparatively larger body size (when compared with other terrestrial vertebrates) and the possibility they offer of a higher energetic intake. In the neotropical region, mammals clearly constitute the most important taxonomic group in terms of the number of species used by rural communities [53] [54] [55] [56] [57] [58] [59] [60] .
Reptiles ranked third in the number of species recorded used as food and medicine in this study and are among the animals most frequently used in folk medicine; the consumption of reptile meat is often intertwined with cultural or medicinal beliefs [61] [62] [63] [64] [65] [66] [67] . In this study, chelonians stood out as the reptiles most used as medicinal food ( = 13 species), a result in line with their extensive use as food in Brazil. As shown by Alves et al. [66] , of the 36 species of chelonians in Brazil, 20 (55.5%) are eaten by humans. Those animals are commonly sought after as food in the northern region of the country where they achieve the highest species richness and abundance. In a smaller proportion, lizards and caymans are also important as food medicine; on the other hand, only a few snake species have been used as food, despite the reported use of several species in Brazilian traditional medicine [64, 66] . The small number of snake species currently used as food in Brazil is not surprising given the negative images attributed to these animals in myths, legends, and popular beliefs [66] [67] [68] . Rea [69] noted that not only snakes are rejected because of their disagreeable nature, but also any other creature with a similar shape or behavior will receive similar treatment. A study undertaken among human populations living along the banks of the Rio Negro River (Amazonas State, Brazil) showed that the electric eel (Electrophorus electricus) was one of the least favored meats because of its strong smell and the shape of its body-"it looks just like a snake" [70] .
Some of the animals quoted by interviewees were mainly hunted for medicinal purposes, an example being the boa snake (Boa constrictor), which is eventually also used as food [66] . Conversely, other species are hunted for consumption, and their byproducts are utilized for medicinal purposes. At least 354 wild animal species are used in Brazilian traditional medicine [71] , of which 157 (44.3%) are also used as food (Table 1) , a result that mirrors the central role played by wildlife as a source of protein in different parts of the world. As shown by previous studies, in at least 62 countries worldwide, wildlife (including fish) provides significant proteins, calories, and essential fats to rural communities [58] [59] [60] [72] [73] [74] [75] [76] . It should be noted, however, that the number of animal species used as medicinal food in Brazil was higher than the number of species recorded for those purposes elsewhere (see [23] ), possibly as a result of the country's significant biological and cultural diversity [77] .
The overlap between alimentary and medicinal use can be exemplified by the use of caymans (Caiman latirostris, C. crocodilus, Paleosuchus palpebrosus, and Melanosuchus niger). While their meat was primarily consumed as food, their teeth, skin, fat, and penis were used for treating diseases such as asthma, stroke, bronchitis, backache, earache, rheumatism, thrombosis, sexual impotence, swelling, ophthalmological problems, sore throat, infection, thrombosis, swelling, injuries caused by spines of stingray, and pain relief in injuries caused by snake bites. Interestingly, caymans were also used as amulets to protect against snake bite or against evil eye [64, 65] . Likewise, the meat of armadillos (Euphractus sexcintus and Dasypus novemcinctus) was used as food, while their tail and skin were used for treating earache and asthma and as an amulet to protect against evil eye.
Another interface between the use of animals as food and medicine was expressed through the need, by those taking animal-based medicines, to control their diet-otherwise the medication would not work. Similar findings were described by Begossi [4] and Seixas and Begossi [78] who recorded the use of the word "carregado" to encompasses a set of supposed attributes of an animal (such as teeth, blood, aggressive behavior, "strong flesh, " and fattiness) and factors that could provoke an inflammation if the animal was eaten by a wounded or unhealthy person.
Although the main part used for alimentary purposes was the flesh, the eggs and viscera of some species were also used. Examples include the Amazon River turtle Podocnemis expansa (Schweigger, 1812), the Black Vulture Coragyps atratus (Bechstein, 1793), the smooth-billed ani Crotophaga ani (Linnaeus, 1758), the red-footed tortoise Chelonoidis carbonaria (Spix, 1824), the yellow-footed tortoise Chelonoidis denticulata (Linnaeus, 1766), and the domestic chicken Gallus gallus (Linnaeus, 1758).
The consumption of the meat of reptiles, mammals, birds, and fishes is often related to the purported medicinal or cultural benefits derived from the animal parts [62, 63, 74, [79] [80] [81] [82] , and this enduring relationship between food animals and medicinal therapy goes well beyond the understanding that adequate nutrition sustains a person's health. For instance, Werner [83] noted that much of the variation in the use or nonuse of lizards as food apparently stems from cultural beliefs concerning the medicinal or other benefits of their flesh. As an example of such cultural beliefs, in our study we found that some species used as food (e.g., Crassostrea rhizophorae, Anomalocardia brasiliana, and Eunectes murinus) were also considered to be aphrodisiacs.
Of the animals used as remedies and food, 52 (33.1%) are under some form of legal protection, a result that clearly indicates the need for bringing all relevant stakeholders together to develop strategies that can more effectively deal with the issues related to the harvesting of wildlife for alimentary and/or medicinal purposes in Brazil. As discussed by Alves and Rosa [1] , sustainability of harvesting of medicinal animals is challenged by many factors, from both social and ecological perspectives, and it is important to respect differing views of the value of wildlife, while, at the same time, conserving biodiversity.
Connections between traditional medicine, biodiversity, and human health have recently been addressed by different authors [84] [85] [86] [87] [88] and have drawn attention to the fact that biodiversity loss can have indirect and direct effects on human well-being as well. The reliance on traditional uses of animals as food and as medicine by communities around the world highlights the need for further interdisciplinary research in ethnozoology which can be used in strategies to conserve biodiversity.
